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Abstract 

Nitric oxide (NO) is found in the exhaled gas of humans 
immediately after birth. However, variations of endoge¬ 
nous NO concentration during the breathing cycle have 
not been studied in newborns. We examined 24 new¬ 
borns without acute respiratory compromise during 
spontaneous nasal breathing. Gas was sampled from the 
tip of a thin nasal catheter placed in the hypopharynx. 
Endogenous NO concentrations measured by chemilu¬ 
minescence were assigned to the breathing cycle using 
synchronized CO 2 recording. Exhaled NO could reprodu- 
cibly be measured at 1.9 ± 0,2 parts per billion (ppb, 
mean ± SEM). Autoinhaied nasal NO peaks during regu¬ 
lar breathing were 12.0 ±1.7 ppb and reached intermit¬ 
tent maxima of 52.2 ± 5.8 ppb. During regular breathing 
6 infants exhibited sudden decreases of nasal NO peaks 
to periods with <50% amplitude suggesting transient 
shortage of autoinhaied nasal NO. We conclude that tidal 
NO analysis can be used to assess upper and lower air¬ 
way NO production noninvasively during spontaneous 

breathing in the newborn. 
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Introduction 

Nitric oxide (NO) is endogenously produced in the 
lung of most vertebrates and humans and can be detected 
in the exhaled gas [1, 2]. The largest portion of total NO 
production in the respiratory tract probably occurs in the 
nose, particularly in the paranasal sinuses [3—7], whereas 
a minor portion is released into gas exhaled from the low¬ 
er respiratory tract [for review, see 2]. Nasally derived 
endogenous NO is autoinhaied and regarded as an aero- 
crine messenger influencing ventilation perfusion match¬ 
ing and oxygenation [4, 8, 9]. NO exhaled from the lower 
airways is significantly increased in asthmatic patients 
and regarded as a promising noninvasive diagnostic op¬ 
tion to assess the severity of asthmatic mfiamrnation in 
the airways [for review, see 2]. 

Animal studies have revealed an important role of NO 
in the perinatal transition of the pulmonary circulation to 
the high flow/low resistance conditions of extrauterine life 
[for review, see 10], However, it is currently not clear how 
this physiological process is reflected in the exhaled gas. 
Neonatal measurements in humans have been sparse [11- 
13]. NO of nasal origin can be found in the exhaled gas of 
humans immediately after birth [11, 12]. The technical 
characteristics of NO measurement have, however, pre¬ 
cluded the analysis of autoinhaied nasal NO concentra- 
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Fig. 1. Synchronized NO and CO 2 measurements in the hypophaiynx of newborn infants. A, B Regular breathing. 
C, D Intermittent inspiratory NO peaks, E, F Sudden changes of inspiratpiy NO peaks with periods of low inhaled 
NO concentration. Please note the variable scaling of gridlines on the NO axis. 


tions during spontaneous breathing. Moreover, NO ex¬ 
haled from the lower respiratory tract of infants has only 
been assessed in mixed exhaled gas [13, 14] or by rapid 
thoracic compression during pharmacological sedation 
[15]. We studied autoinhaled nasal and exhaled lower air¬ 
way NO breath by breath in spontaneously breathing 
newborn infants. 


Patients and Methods 

After approval by the local ethical committee and parental con¬ 
sent 24 tiewbom infants were enrolled in the study. 15 infants had 
been bom prematurely at a median gestational age of 29.1 weeks 

22 B!olNeonate2001;79ai-26 


(range 23.3-34.7), 9 infants had been born at term. 9 infants were 
recovering from respiratory distress syndrome (RDS), 5 had pre¬ 
viously had transient tachypnea of the newborn. 

When examined at a median postnatal age of 5.0 days (range 1- 
25), all Infants were under stable respiratory conditions with periph¬ 
eral oxygen saturations of 88-92% and capillary or venous pCOj 
<7.0 kPa. To achieve this 10 Infants were being treated with nasal 
continuous positive airway pressure (NCPAP) of 2-4 cm H 2 O using 
NO-free pressurized air [<0.5 parts per billion (ppb) NO] and a com¬ 
mercially available system flnfant flow™, DansjB Medical A/S, 
Bromma, Sweden) [16]). 7 of these infants had previously required 
endotracheal intubation and mechanical ventilation for hyaline 
membrane disease (n = 6) or congenital cystic adenomatoid malfor¬ 
mation (n = 1) but had been breathing Spontaneously for a minimum 
of 3 days (mean 8.4 days) after extubation. 6 infants on NCPAP 
treatment still required additional oxygen with a mean Fi02 Of 0.33 
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(range 0.24-0.4) being supplied via the CPAP system (n = 5) or by 
increasing FiOi in the incubator (n » 1). All subjects were examined 
in a supine position and breathed nasally, oral breathing being 
averted by the use of a pacifier or gentle manual occlusion of the lips. 
Nasai decongestants had not been applied during at least 24 h prior 
to the measurements. 12 infants without clinical or hematological 
signs of systemic infection were being treated with parenteral antibi¬ 
otics. 

To sample gas for analysis, a gastrointestinal feeding tube (outer 
diameter 0.15 cm) with two holes within 1.5 cm of its tip (Maersk 
Medical A/S, Lynge, Denmark) was inserted transnasally to a dis¬ 
tance of 5-6 cm from the nasal orifice. The tip of the catheter was 
thus positioned in the pharynx. During CPAP treatment infants were 
examined using commercially available connectors (Infant flow) 
which had been fitted with a side port to allow transnasal insertion of 
the catheter via a gaslight look (hemostasis valve. Arrow, Erding, 
Germany). Gas was sampled at a flow rate of 190 ml min"' and ana¬ 
lyzed for CO 2 and NO concentration using acombined detection sys¬ 
tem (Aerocrine AB, Danderyd, Sweden). Samples were entered into 
the analyzers via dehumidifying tubes (Datex Engstrom AB, Brom- 
ma, Sweden). NO measurement by chemiluminescence was cali¬ 
brated with mass-flow-controlled dilutions (Bronkhorst, Ruurlo, The 
Netherlands) of a certified NO standard (2 ppm in pure nitrogen, 
AGA Gas AB, Lidingb, Sweden), the capnometei was calibrated with 
room air and 5% COj gas (AGA). NO was detected with a rise time of 
T[d. 9 o = 0-2 s and a sensitivity of l.l ppb NO, CO 2 was sensed with a 
rise time of T[|)_ 9 o = 0.3 s and a sensitivity of <0.1% COj. NO and 
CO 2 measurements were synchronized by creating a simultaneous 
NO and CO 2 signal at the tip of the sampling catheter. For that pur¬ 
pose the tip of the sampling catheter vvas replaced by an l8-g8Uge 
cannula to puncture balloons filled with a suitable gas mixture. 
Ambient NO concentrations were<5 ppb during measurements. 

Measurements were recorded online, traces of 2.5 min being 
stored for later analysis. Typical recordings are shown in figure 1. 
Periods of regular breathing as indicated by stable tidal CO 2 mea¬ 
surements Cor at least 10 breaths were identified. The respiratory rale 
was then extrapolated from the duration of 10 breaths. As animal 
experiments indicate that NO measurements might be influenced by 
preceding alterations of airway CO 2 concentrations [17], only the sec¬ 
ond half of these periods (fig. 1 A, B) was further evaluated; NO con¬ 
centrations were assigned to the breathing cycle using the synchro¬ 
nized CO 2 signal. Peak NO concentrations during inspiration and 
trough NO concentrations during expiration were averaged over 5 
breaths. Moreover, intermittent inspiratory peak concentrations 
were documented. Data were evaluated by nonparametric statistical 
analysis using Mann-Whitney rank sum test and Spearman rank 
order correlation. Probabilities of p < 0.05 were regarded as convey¬ 
ing statistical significance. Results are universally given as mean ± 
SEM. 


Results 

During regular breathing (respiratory rate 60 ± 5 and 
37 ± 4 breaths min"'in preterm and term infants, respec¬ 
tively) NO peaics during nasal inspiration were 12.0 ± 
1.7 ppb. During expiration NO concentrations of 1.9 ± 
0.2 ppb were measured. 


Single Breath NO in the Newborn 


Expiratory NO levels did not differ significantly be¬ 
tween preterm and term infants (p = 0.6), between those 
infants receiving systemic antibiotic treatment and con¬ 
trols (p = 0.5) or between those infants receiving oxygen 
supplement or NCPAP and controls (p = 0.8 and p = 0.4, 
respectively). There was no statistically significant corre¬ 
lation between expiratory NO levels and respiratory rate 
(p = 0.4), gestational age (p = 0.9), actual body weight (p = 
0.6) or postnatal age (p = 0.07). 

Inspiratory nasal NO peaks during regular nasal 
breathing did not differ significantly between those in¬ 
fants receiving systemic antibiotic treatment and controls 
(p = 0.7). There was no statistically significant correlation 
between inspiratory nasal NO peaks and respiratory rate 
(p = 0.2), gestational age (p = 0.5), actual body weight (p = 
0.6) or postnatal age (p = 0.9). Intermittently nasal NO 
pe^ed at maxima (fig. 1C, D) of 52.2 ± 5.8 ppb which 
did not correlate significantly with gestational age (p = 
0.5), actual body weight (p = 0.3) or postnatal age (p = 
0.9). In spite of continued and unchanged tidal CO 2 
recording, 6 infants exhibited sudden fluctuations of nasal 
NO peaks to periods with<50 or >200% amplitude sug¬ 
gesting periodic alterations in the availability of autoin- 
haled nasal NO (fig. IE, F, 2). Reversal to the original 
amplitude of the NO peaks was never seen during the 
same trace (duration 2.5 min). Mean NO concentrations 
for the periods of high and low NO concentrations were 
14.5 and 2.4 ppb, respectively. Based on this observation, 
9 out of the remaining 18 infants could a posteriori be 
classified as having stable high nasal NO peaks with a 
mean of 12.2 ppb, 6 showed stable low nasal NO peaks 
with a mean of 3.3 ppb (fig. 2). The NO concentrations in 
infants with stable high or stable low concentrations did 
not differ significantly from the respective concentrations 
in infants with intermittent high and low concentrations 
(p = 0.18 and 0.13, respectively). 3 infants were not classi¬ 
fied because of continuously imstable nasal NO peaks; 2 
infants who had stable high concentrations on 1 day 
showed stable low concentrations 2 and 3 days later, 
respectively. 

To evaluate the repeatability of NO measurements 
during regular breathing two measurements taken on the 
same day and spaced by 2.5-5 min were compared in 16 
infants. The mean difference of these NO measurements 
(2nd to 1st measurement) was 1.2 ± 0,3 ppb (mean ± 
SEM) for inspiratory NO peaks and 0.2 ± 0.03 ppb for 
expiratory NO levels, respectively. The corresponding 
coefficients of repeatability [18] were 3.1 and 0.4 ppb, 
respectively, indicating good repeatability [18] of NO 
measurements Using tidal analysis. 
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Fig. 2. tnhalationaiNO peaks during regular 
breathing in newborns. • = Original nea- 
suremejits; A ” a posteriori subdivision of 
data material trying to explain sudden fluc¬ 
tuations of NO peaks in spite of continued 
and unchanged tidal CO 2 concentrations in a 
subgroup of infants (n = 6* see text for 
details). 



Discussion 

This is the first account of a tidal analysis of endoge¬ 
nous NO revealing exhaled and autoinhaled concentra¬ 
tions in newborn infants. With the aid of synchronized 
tidal CO 2 analysis, NO from upper and lower airway 
sources could be differentiated and reproducibly mea¬ 
sured. Exhaled NO concentrations were comparable in aU 
subjects studied whereas autoinhaled NO concentrations 
were more variable (fig. 2), a subgroup of infants revealing 
sudden shifts of amplitude (fig. IE, F, 2). 

NO concentrations were measured by sampling gas 
through a catheter placed in the pharynx. It cannot be 
entirely excluded that the first exhalation fraction con¬ 
tained residual amounts of nasal or oropharyngeal NO 
deposited in the dead space during the previous inhala¬ 
tion. However, fractional analysis of exhaled gas in adults 
has not shown significant differences of NO concentra¬ 
tion between the first 40-45% and the remaining part 
during regular breathing [19], whereas dead space accu¬ 
mulation due to airway NO formation is seen during the 
arrested airway flow [11, 12, 20]. Measurements during 
exhalation were thus largely representative of NO exhaled 
from the lower airways. The values found in neonates in 
this study (1.9 ± 0.2 ppb) are slightly higher than those 
found in anesthetized women with healthy lungs (1.3 ± 


0.2 ppb) [7], Apart from age-related phenomena this dif¬ 
ference could either be due to a small contribution by NO 
produced nonenzymatically from saliva [21 ] or due to the 
fact that prior lung disease (RDS, transient tachypnea of 
the newborn) continued to mildly stimulate lower airway 
synthesis in spite of clinical restitution. The repeatability 
of exhaled NO measurements in neonates has not pre¬ 
viously been assessed. Using the present technique NO 
measurements were well repeatable and may in the future 
facilitate the longitudinal study of exhaled NO in pulmo¬ 
nary disorders of the neonate. 

Autoinhaled NO concentrations during quiet breath¬ 
ing in neonates have previously been reported by Schedin 
et al. [11], In contrast to intermittent peaks of 52.2 ± 
5.8 ppb reported in our study they found intermittent 
inspiratory NO peaks of 160 ± 20 ppb [11]. This discrep¬ 
ancy is explained by the different sampling flow rates of 
190 and 20 ml mm-‘, respectively. Due to the response 
characteristics of the equipment used in this study (rise 
time for NO measurement T lo-so == 0.2 s) NO peaks found 
during nasal inspiration are but a lower estimate of the 
real inhaled NO concentrations. Higher NO concentra¬ 
tions may theoretically be present in inhaled gas for very 
short periods of time thus evading detection with the cur¬ 
rent equipment. Autoinhaled NO concentrations of 12 ± 
1.7 ppb during regular breathing and intermittent maxi- 
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ma of 52.2 ± 5.8 ppb are of the same order of magnitude 
as concentrations of exogenous NO influencing oxygena¬ 
tion and pulmonary artery pressure in adult ARDS pa¬ 
tients [22]. Moreover, improvements of oxygenation have 
been seen in long-term intubated patient receiving NO- 
containing nasal gas at a final concentration of 19 ppb [8]. 
Hence the inhalational NO concentrations found in neo¬ 
nates in this study may have biological effects in the lower 
respiratory system. The basis of the sudden inhalational 
NO peaks seen occasionally (fig. 1C, D) may be variable: 
r^urgitation of gastric NO [23] may explain some peaks 
(fig. 1C). Moreover, breathholding (fig. ID) may lead to 
accumulation of NO produced in the upper airways which 
will be autoinhaled with the consecutive breath. Accumu¬ 
lation of nasal NO has been shown after transient nasal 
occlusion in term and preterm infants during the neonatal 
period [11, 12]. 

In adult human subjects upper airway NO is mainly 
produced In the paranasal sinuses [5, 6]. In newborns the 
maxillary and ethmoid sinuses are of considerable size 
[24] and their patency is attested by the occasional occur¬ 
rence of rhinosinusitis in this age group [25, 26]. It is thus 
likely that nasal NO production also occurs in the para¬ 
nasal sinuses in the newborn. The sudden shifts of autoin¬ 
haled nasal NO peaks observed in this study may suggest 
that NO release from its production site was temporarily 
impeded. The transitions from high to low inspiratory 
nasal NO peaks or vice versa are reminiscent of the so- 
called nasal cycle, i.e. the cyclic reciprocal changes of na¬ 
sal gas flow between the sides of the nose [27], These are 
known to occur in both adults, children and infants [28- 


30]. Cyclic mucosal alterations have been shown to in¬ 
volve turbinates, nasal septum, lateral nasal waU (where 
the openings of the maxillary sinus and the anterior eth¬ 
moid cells are located), nasal cavity floor and also the eth¬ 
moid sinuses in adults [31] and might affect NO release 
from the paranasal sinuses. Alternatively, if the upper air¬ 
way NO is constantly released from both sides, transient 
obstruction of the openings on one side, e.g, by mucus or 
the catheter, might have led to temporary shortage of 
autoinhaled nasal NO. This could be clinically relevant 
because a majority of premature infants are fed using sim¬ 
ilar tubes due to maturity-related feeding difficulties, thus 
intermittently depriving them of nasal NO. 

In summary, this Study shows that tidal NO analysis 
can noninvasively differentiate between NO derived from 
upper and lower airway sources in term and preterm neo¬ 
nates. Autoinhaled NO concentrations were similar to 
those shown to have biological effects in the respiratory 
system in adults. The measurement of lower airway NO 
was reproducible and may prove useful in future longitu¬ 
dinal studies on the relation between exhaled NO and 
inflamniatory processes in neonatal lung disease. 
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